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al., 2002). Previous studies on Hrp48 showed that itLost in Translation Gets an oskar
regulates splicing in the nucleus (Hammond et al., 1997;
Burnette et al., 1999). Many hnRNP proteins shuttle be-
tween the nucleus and the cytoplasm, and perform func-
tions in both compartments of the cell. Their roles in
Nuclear history affects the fates of mRNAs in the cyto- RNA localization have only begun to be appreciated in
plasm of cells. Proteins loaded onto mRNAs in the the past few years.
nucleus mark RNAs for subsequent translational regu- Subcellular mRNA localization is a widely used mech-
lation, stability, degradation, and subcellular RNA lo- anism whereby cells concentrate and restrict proteins
calization. New results show that the Drosophila het- to specific cell domains. Localization-dependent trans-
erogeneous nuclear ribonucleoprotein (hnRNP) Hrp48 lation occurs when RNA localization is coupled with
contributes to coordinated RNA localization and trans- translational regulation to ensure that unlocalized RNA
lational control in oocytes. is not translated. Two mRNAs that are the subject of
this preview, gurken (grk) and oskar (osk), are regulated
by localization-dependent translation.Two papers in this issue of Developmental Cell (Huynh
The earliest steps of RNA localization pathways occuret al., 2004; Yano et al., 2004) and a recent paper in
in the nucleus, where proteins are bound that accom-Development (Goodrich et al. 2004) report that the Dro-
pany the RNA into the cytoplasm (reviewed in Farinasophila hnRNP protein Hrp48/Hrb27C is required for
and Singer, 2002). Several hnRNP proteins have beensubcellular RNA localization and the regulated transla-
shown to mediate RNA localization. MBP mRNA local-tion of localized RNAs. Hrp48 is a member of the hnRNP
ization and translation in oligodendrocytes is mediatedA/B family, and is one of the three most abundant hnRNP
proteins in Drosophila cells (reviewed in Dreyfuss et by hnRNP A2, Vg1 mRNA localization in Xenopus eggs
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utilizes VgRBP60, a homolog of hnRNP I, and localiza- issue), Hrp48 was identified in a genetic screen for EMS-
induced mutations that disrupt GFP-Staufen localizationtion and translational repression of grk mRNA in Dro-
sophila oocytes requires Squid (Sqd, also known as in germline clones. Their mutants cause an osk RNA
localization defect that is novel, since osk RNA is dis-Hrp40), a member of the hnRNP A/B family. Other nu-
clear proteins required for RNA localization, while not persed rather than retained at the anterior pole of the
oocyte, an intermediate step in its localization pathwayexact homologs of known hnRNPs, share domains char-
acteristic of hnRNP proteins. where osk RNA is often mislocalized in other mutants.
All three of the alleles isolated by Huynh et al. areIn a yeast two-hybrid screen to identify proteins that
bind to Squid A, Goodrich et al. (2004) identified Hrp48/ missense alleles. The mutant proteins fail to localize to
the oocyte posterior where wild-type protein normallyHrb27C (referred to here as Hrp48 to avoid confusion
with the other two papers.) Like Sqd, they showed that colocalizes with osk RNA. The missense alleles behave
differently from the P element insertion alleles studiedHrp48 binds specifically to a segment of the 3UTR of
grk mRNA. Germline clonal analysis of Hrp48 mutations by others. They do not affect RNA splicing, do not dere-
press translation of unlocalized osk mRNA, do not causeshowed that Hrp48 is required for grk RNA localization
and for the translational repression of mislocalized grk defects in grk RNA localization or translation, and have
no observed effects on the microtubule cytoskeleton.RNA. They found that the ovarian tumor (otu) gene is
also required for grk RNA localization and that Sqd, Huynh et al. propose that the missense alleles affect
regions of Hrp48 required specifically for osk RNA local-Otu, and Hrp48 also affect the structure of nurse cell
chromosomes. Immunoprecipitation experiments indi- ization. Two mutations are in a C-terminal G-rich region
that may be required for Hrp48 oligimerization, and maycated that these proteins interact in an RNP complex.
They propose that Sqd and Hrp48 are likely to bind to affect the formation of functional osk RNA transport
particles. The third allele alters a conserved G in of onegrk RNA in the nucleus, while Otu may be recruited to
the complex in the cytoplasm along with Bruno. In the of the two RRMs, which might affect the binding of the
protein to an osk RNA localization element, leaving intactnurse cells, a modified complex may regulate a different
mRNA that encodes a factor for chromosome structure. its binding to a translational regulatory element.
The differences in these three reports are as informa-Localization of osk mRNA at the posterior pole of the
Drosophila oocyte targets Osk protein to this site, where tive as their similarities, because each provides insights
into different activities of Hrp48. Only Goodrich et al.it organizes the pole plasm. Bruno binds to Bruno re-
sponse elements (BREs) located in osk’s 3UTR and detected defects in grk mRNA localization and transla-
tion, only Yano et al. reported effects on microtubulerepresses the translation of unlocalized RNA (Kim-Ha
et al., 1995). Previous experiments showed that transla- organization and osk translation, and only Huynh et al.
observed a specific defect in osk mRNA localization.tional activation of osk RNA requires a 5 translational
derepressor element that, along with a repressor ele- Some of these differences are no doubt due to the nature
of the alleles used in each study. The P element allelesment in the 3UTR, derepresses translation at the poste-
rior pole (Gunkel et al., 1998). Two proteins were identi- all reduce Hrp48 levels and are likely to affect many
RNA targets, whereas the three missense alleles mayfied that bind to these elements: p50 and p68 bind to
the 5 translational regulatory region, and p50 also binds specifically alter Hrp48’s osk RNA localization activity.
Also, the grk RNA localization defects occur with vari-to the 3 repressor element.
Yano et al. (2004, this issue) report the biochemical able expressivity, and may not have been detected with-
out the extensive analysis done by Goodrich et al. Condi-purification of p50 and identify it as Hrp48. Using P-ele-
ment insertion alleles, they studied the effects of Hrp48 tional alleles may need to be generated to resolve how
Hrp48 carries out its distinct roles in Drosophila oogen-mutations in germline clones. They found defects in osk
RNA localization, but these may have been a secondary esis. A broader challenge for the future will be to under-
stand how hnRNPs contribute to RNA localization andconsequence of altered microtubule polarity. Several
lines of evidence showed that translation of unlocalized translational regulation in the context of their effects on
nuclear processing, nuclear export, and mRNA stabilityosk mRNA is normally repressed by Hrp48. For example,
an osk--Gal translational reporter was ectopically ex- and degradation.
pressed throughout the oocyte when Hrp48 levels were
lowered. They think it likely that Hrp48 also regulates
Tulle Hazelriggother mRNAs, including an mRNA whose product af-
Department of Biological Sciencesfects the microtubule cytoskeleton.
Sherman Fairchild CenterYano et al. propose that Hrp48 represses translation
Columbia Universityby promoting an interaction between the 5 and 3 ends
New York, New York 10027of osk mRNA. In this model, Hrp48, bound to its 5 and
3 sites on osk RNA, is able to homodimerize and cause
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osk translation through its inhibitory binding to eIF4E Dreyfuss, G., Kim, V.N., and Kataoka, N. (2002). Nat. Rev. Mol. Cell
Biol. 3, 195–205.(Wilhelm et al., 2003; Nakamura et al., 2004). Cup may
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and the height and length of the pelvis (Figure 1). PelvicReduce Your Pelvis
reduction is hypothesized to evolve in locations charac-in 10,000 Years or Less terized by low calcium and the presence of dragonfly
naiad predators that grab the fish by their spines (Bell
et al., 1993). The two parents in the current QTL analysis
were a marine female with a large pelvis and long spines
While the avid dieter obsesses about reduction of dif- and a benthic, or freshwater, male with no spines and a
ferent body parts, permanent reduction of many struc- reduced pelvis. An F2 population was made and progeny
tures seems to be achieved relatively effortlessly individuals genotyped for many genetic markers. Five
(though much more slowly) throughout evolution. In a QTL were found for the traits of reduced pelvic struc-
recent article in Nature, Shapiro et al. examine one tures—one accounting for the majority of the variance
such example, the genetic basis of pelvic reduction in and four with minor inputs. Pitx1, a candidate gene
the threespine stickleback fish (2004). They conclude known to be involved in hindlimb but not forelimb devel-
that a regulatory mutation in the Pitx1 gene is respon- opment, mapped to the location of the major QTL, in-
sible for the pelvic reduction. creasing the LOD score to 80 (a LOD score of 3 is consid-
ered significant). In the F2 cross, all 70 individuals that
showed complete lack of pelvic spines were homozy-An amazing diversity of forms can exist within species
gous for the benthic alleles in the Pitx1 marker showingor between closely related species, for example the Ga-
no recombination between the phenotype of pelvic re-lapagos finches with different beak sizes and shapes,
duction and Pitx1.the lizard Hemiergis with different numbers of digits,
Further support for the hypothesis that changes inand the African cichlids with different jaw shapes, tooth
Pitx1 are responsible for pelvic reduction comes fromshapes, and behaviors. Until recently, comparative stud-
comparisons between the pelvic reduced sticklebacksies of different species remained descriptive. With the
and the Pitx1 knockout mouse. In this mouse, the fore-advent of new molecular tools, it is now possible to
limbs are normal and the hindlimbs are reduced (withexamine evolution of diversity from the perspectives of
the reduction more severe on the right side). Similarly,modern developmental biology and genetics.
in pelvic reduced sticklebacks, the right side of the pelvisNot all systems are equally conducive to genetic and
and the right pelvic spine are more reduced than thedevelopmental analyses; studies can be severely ham-
left side, and this difference also is linked to Pitx1.pered by complex inheritance systems, difficulty in rai-
If Pitx1 is indeed the causative gene of pelvic reduc-sing an organism, large size of an organism, or inacces-
tion in sticklebacks, in principle, there could be eithersibility of embryos. In particular, vertebrates have been
a coding mutation or a regulatory mutation in this genedifficult to examine. Fortunately, a few very interesting
in the derived benthic form. No coding differences werevertebrate species or species groups have properties
found between the marine and benthic form, which isthat make them amenable to studies of a genetic and
not surprising, because complete loss of this gene indevelopmental nature. One such system, the threespine
sticklebacks would probably cause lethality. Addressingstickleback, contains thousands of different populations
the possibility of a regulatory mutation by sequencethat occur in marine, brackish, and freshwater locations
comparison was not feasible because of the large areaexhibiting differences in body size, number of spines,
in which a regulatory mutation could be located. How-number of plates, pectoral fin size and shape, size of
ever, the experimenters did examine the expression ofpelvis, size and shape of snout, number of gill rakers,
Pitx1 by in situ hybridization in the marine and benthicnumber of vertebrae, and number of ribs (Bell and Fos-
forms, assuming that a regulatory mutation would onlyter, 1994). In recent years, a genetic map and cDNA
affect certain domains of Pitx1 expression. Pitx1 waslibraries have been made of the threespine stickleback
expressed in the marine form in many areas includingand quantitative trait analyses have been performed
the thymus, olfactory pits, neuromasts, caudal fin, andshowing multiple quantitative trait loci (QTLs), chromo-
pelvic region. In the benthic form, there were two differ-somal locations of genes, for a number of traits (Peichel
ences: the pelvic region expression was absent (Figureet al., 2001; Colosimo et al., 2004). These genetic tools,
1) and the caudal fin expression was reduced. Thus, itand the amazing diversity within the group of stickle-
is likely that a Pitx1 regulatory mutation, perhaps in abacks, allow researchers to address previously inacces-
pelvic fin/caudal fin enhancer, is responsible for the mor-sible evolutionary questions.
phological difference in pelvises between the marineThe trait focused on by Shapiro et al. (2004) is pelvic
reduction, which includes the length of the pelvic spines and benthic forms.
